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(37) ABSTRACT

An optical head 200 comprises: a light source 101 that emits
a light beam; an objective lens 105 that condenses, in the form
of converging light, the light beam emuitted by the light source
101, onto an information recording medium; a cylindrical
lens 115 onto which a reflected light beam that 1s retlected by
the mformation recording medium i1s incident, and which
generates astigmatism for forming a focus error signal; a light
detector 120 that receives the reflected light beam passing
through the cylindrical lens 115; and a holder 130 that holds
the cylindrical lens 115 and the light detector 120. The holder
130 has a first main face and a second main face that extend 1n
directions that intersect the optical axis of the reflected light
beam. The cylindrical lens 115 1s bonded to the first main face
and the light detector 120 1s bonded to the second main face.
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OPTICAL HEAD AND OPTICAL
INFORMATION DEVICE

TECHNICAL FIELD

The present invention relates to an optical head and an
optical information device that record information on an
information recording medium such as an optical disk, an
optical card or the like, or that reproduce recorded 1informa-
tion therefrom.

BACKGROUND ART

Known conventional optical heads include optical heads
configured in such a manner that a cylindrical lens and a lens
holder are integrated together but the cylindrical lens and a
light detector are separated from each other (for instance,

Patent Document 1).

FI1G. 27 and FIG. 28 illustrate an optical head, and a light-
detection section thereof, disclosed 1n Patent Document 1.

In FIG. 27, a beam of light emitted by a semiconductor
laser 101 1s split into a plurality of different light beams by a
diffraction grating 102. The light beams passing through the
diffraction grating 102 are retlected by a beam splitter 103,
and are converted 1nto parallel light beams by a collimator
lens 104. These light beams enter an objective lens 105 and
become so-called three-beam converging light that 1s 1rradi-
ated onto an optical disk 201. An objective lens actuator 106
drives the objective lens 105 1n the optical axis direction
(focus direction) and the radial direction of the optical disk
201. The beams of light reflected and difiracted by an infor-
mation layer 202 of the optical disk 201 pass again through
the objective lens 105, and then through the beam splitter 103.
The light beams that traverse the beam splitter 103 pass
through a cylindrical lens 115, and 1s incident on a light
detector 120.

FIG. 28 1s a partial schematic diagram of an optical head
200. An optical base 113 holds the semiconductor laser 101,
the diffraction grating 102, the beam splitter 103, the colli-
mator lens 104 and an objective lens actuator 106. The cylin-
drical lens 115 1s disposed 1n such a manner that a concave
cylindrical lens surface thereot, having negative power (con-
cave lens effect), 1s on the side of the light detector. The
position of the cylindrical lens 115 1n the optical axis direc-
tion can be adjusted along the optical base 113 1n a state where
the cylindrical lens 115 1s fixed to the lens holder 159. The
cylindrical lens 115 1s held 1n this state by an external jig. The
position of the light detector 120 can be adjusted within a
plane (X-Y plane) that 1s perpendicular to the optical axis, in
a state where the light detector 120 1s held by an external jig.

FI1G. 29 illustrates schematically a light-receiving surface
121 of the light detector 120. A light beam that transmits the
cylindrical lens 115 1s received at a four-quadrant light-re-
ceiving region 140. The differences between the sum signals
of diagonally-opposing regions within the four-quadrant
light-receiving region 140 are computed to detect thereby a
so-called focus signal. An RF signal 1s also detected by com-
puting the sum signals from the four-quadrant light-recerving
region 140.

A push-pull signal resulting from computing the signals
obtained from the four-quadrant light-receving region 140,
plus signals corresponding to the quantity of light that 1s
received at sub-beam light-receiving regions 141, are com-
puted by a summing amplifier 144 and a differential amplifier
145. The three-beam method (so-called DPP method) yields
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carried out in order to cause the objective lens 105 to follow
a track 1n the information layer 202.

In order to secure symmetry and linearity in the focus error
signal, the light detector 120 1s disposed spaced apart from the
concave cylindrical lens surface of the cylindrical lens 115.
To that end, the position of the light detector 120, alone or
together with the holder, 1s adjusted within the X-Y plane.
This position adjustment 1s carried out while referring to the
detection signal from the light detector 120, 1n such a manner
that a light beam enters substantially the center of the four-
quadrant light-recerving section 140. Thereatter, the light
detector 120 (or holder) 1s fixed to the optical base 113.

The lens holder 159 to which the cylindrical lens 115 1s
fixed 1s held 1n a state whereby the lens holder 159 can move
over the optical base 113 1n the optical axis direction. The
relative position with respect to the light detector 120 1s
adjusted by adjusting the cylindrical lens 115 1n direction Z.
The optical base 113 and a lens holder 159 are then fixed
together. Through this adjustment 1n direction Z, the objective
lens 105 and the information layer 202 become positioned at
a just focus distance, and the focus error signal offset 1s
cancelled. Specifically, the output of the focus error signal at
the just focus distance 1s 0.

Optical heads are expected to be developed wherein the
optical head can support recording or reproduction to/from
small, high recording-density multilayer optical disks having
two or more recording layers.

In order to support recording and reproduction to/from
high recording-density multilayer optical disks, and to reduce
the size of the optical head, large negative lens power 1s
required to be achieved by forming a concave lens surface,
having a small radius of curvature, on the cylindrical lens.

In an optical system having an optical head, however, 1t 1s
impossible to avoid small errors during adjustment of the
position of the light detector 1n directions X-Y and during
adjustment of the position of the cylindrical lens 1n direction
Z.. As a result, a relative positional error between the light
detector and the cylindrical lens arises on account of the
positional offset of the cylindrical lens in direction Z and
directions X-Y. This gives rise in turn to error 1n the position
of the cylindrical lens 1n direction Z.

When such an optical system 1s fitted with a cylindrical lens
having high lens power, such as the one described above,
magnification by the detection optical system varies signifi-
cantly depending on the relative positional error, and sub-
beams may bear away from the sub-beam light-receiving
regions of the light detector. In the light detector, angle error
and positional error, 1n directions X-Y, with respect to the
optical axis, cause the sub-beams to bear away, by a greater
distance, from the sub-beam light-receiving regions, and give
rise to significant deterioration of the quality of the tracking
error signal, which may impair recording and reproduction
performance. Thus, reducing the size of detection optical
systems equipped with high-power cylindrical lenses 1s
extremely diflicult 1n optical systems having conventional

optical heads.
Patent Document 1: JP 10-003683 A

SUMMARY OF THE INVENTION

It 1s an object of the present mnvention to provide an optical
head that 1s small and 1n which signal characteristics can be
improved upon recording and reproduction to/from a multi-
layer optical information recording medium of high record-
ing density.

An optical head according to an aspect of the present inven-
tion comprises a light source that emits a light beam; an
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objective lens that condenses, 1n the form of converging light,
the light beam emitted by the light source, onto an informa-

tion recording medium; a cylindrical lens, onto which a
reflected light beam that i1s retlected by the information
recording medium 1s mcident, and which generates astigma-
tism for forming a focus error signal; a light detector that
receives the reflected light beam passing through the cylin-
drical lens; and a holder that holds the cylindrical lens and the
light detector. The holder has a first main face and a second
main face that extend in directions that intersect the optical
axis of the reflected light beam, such that the cylindrical lens
1s bonded to the first main face and the light detector 1s bonded
to the second main face.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating schematically an optical
system of an optical head according to a first embodiment of
the present invention.

FI1G. 2A 15 a side-view diagram illustrating schematically a
light detector provided in the optical head according to the
first embodiment of the present invention, FIG. 2B 1s a front-
view diagram 1llustrating schematically the light detector,
and FI1G. 2C 1s a side-view diagram 1llustrating schematically
the light detector.

FIG. 3 1s a diagram for explaining a light-receiving surtace
arrangement, and signal extraction, 1n the light detector pro-
vided 1in the optical head according to the first embodiment of
the present invention.

FI1G. 4 A 1s a perspective-view diagram of a cylindrical lens
provided 1n the first embodiment of the present mvention,
FIG. 4B 1s a front-view diagram of the cylindrical lens, and
FIG. 4C 1s a perspective-view diagram of the cylindrical lens
viewed from a different angle from FIG. 4A.

FIG. 5 1s a schematic diagram 1illustrating partially the
optical head according to the first embodiment of the present
invention.

FIG. 6 A 15 a side-view diagram illustrating schematically a
detector unit provided 1n the optical head of the first embodi-
ment of the present mvention, FIG. 6B 1s a front-view dia-
gram illustrating schematically the detector unit, and FIG. 6C
1s a side-view diagram illustrating schematically the detector
unit.

FIG. 7 1s a diagram for explaining a beam of light that
passes through the cylindrical lens.

FIG. 8 1s a diagram for explaining a beam of light that
passes through the cylindrical lens 1n a case where the cylin-
drical lens 1s disposed 1n an orientation (cylindrical surface on
the side of the light detector) mverted with respect to that in
FIG. 7.

FI1G. 9A 1s a diagram for explaining the positional relation-
ship between the cylindrical surface and spot diameter at a
tocal position 1n the state of FIG. 7, FIG. 9B 1s a diagram for
explaining the positional relationship between the cylindrical
surface and spot diameter at a focal position 1n the state of
FIG. 8, FIG. 9C 1s a diagram 1llustrating an example of focus
error signal in the case of 9A, and FIG. 9D 1s a diagram
illustrating an example of focus error signal in the case o1 9B.

FIG. 10 1s a diagram for explaining the shape of a light
beam that 1s incident on a four-quadrant light-recerving
region of the light detector of the optical head according to the
first embodiment of the present invention.

FIG. 11 1s diagram for explaining a fixing method of the
detector unit and an optical base 1n the optical head according
to the first embodiment of the present invention.

FIG. 12A 1s a diagram illustrating the relationship between
spot positional offset and magnification 1n a detection optical
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system, and FIG. 12B 1s a diagram for explaining the defini-
tion of PD balance (directionY).

FIG. 13 A 1s a diagram for explaining a beam of light that 1s
incident on a recording layer in a two-layer disk, and FIG.
13B 1s a diagram for explaining a beam of light that 1s incident
on a recording layer 1n a multilayer disk (four-layer disk).

FIG. 14 A 1s a diagram for explaining other-layer stray light
that 1s incident on a light detector, as a comparative example,
and FIG. 14B 1s a diagram for explaining other-layer stray
light that 1s mncident on the light detector provided in the
optical head 1n the first embodiment of the present invention.

FIG. 15A 15 a diagram for explaining an aperture diameter
during adjustment of the cylindrical lens in direction Z, 1n a
comparative example, and FIG. 15B 1s a diagram for explain-
ing the aperture diameter during adjustment, 1n direction Z, of
the detector unit 1n the optical head according to the first
embodiment of the present invention.

FIG. 16A 15 a diagram for explaiming an aperture diameter
during adjustment of the cylindrical lens 1n direction X, 1n a
comparative example, FIG. 16B 1s a diagram for explaining
the aperture diameter during adjustment, 1n direction X, of the
cylindrical lens in the optical head according to the first
embodiment of the present mvention, and FIG. 16C 1s a
diagram for explaining the aperture diameter in the optical
head according to the first embodiment of the present inven-
tion.

FIG. 17 1s a diagram 1llustrating schematically aperture
shape 1n a modification of the optical head according to the
first embodiment of the present invention.

FIG. 18 1s a diagram 1illustrating schematically an optical
disk drive 1n an optical information device that uses the opti-
cal head according to the first embodiment of the present
invention.

FIG. 19A 15 a side-view diagram illustrating schematically
a detector unmit in an optical head according to a second
embodiment of the present invention, FIG. 19B 1s a front-
view diagram 1llustrating schematically the detector unit, and
FIG. 19C 1s another side-view diagram illustrating schemati-
cally the detector unit.

FIG. 20A 1s a side-view diagram 1llustrating schematically
a detector unit 1n an optical head according to a third embodi-
ment of the present invention, FIG. 20B 1s a front-view dia-
gram 1llustrating schematically the detector unit, FIG. 20C 1s
another side-view diagram illustrating schematically the
detector umit; and FIG. 20D 1s a side-view diagram illustrat-
ing schematically a modification of the detector unat.

FIG. 21A 1s a diagram 1llustrating schematically an optical
system ol an optical head 1n a fourth embodiment of the
present invention, and FIG. 21B 1s a diagram for explaiming a
region split 1n a hologram element provided 1n the optical
system.

FIG. 22A 1s a front-view diagram illustrating schemati-
cally a light detector provided 1n the optical head according to
the fourth embodiment of the present invention, FIG. 22B 1s
a diagram for explaining a light-recerving region in the light
detector, and FIG. 22C 1s a cross-sectional diagram {for
explaining a relative position relationship between the light
detector and an aperture.

FIG. 23 A 1s a diagram 1llustrating schematically an optical
system of an optical head 1n a fifth embodiment of the present
invention, and FIG. 23B 1s a diagram for explaining the ori-
entation, about an axis, of the cylindrical lens provided in the
optical system.

FIG. 24 A 15 a side-view diagram 1illustrating schematically
a detector unit 1n an optical head according to the fifth
embodiment of the present invention, FIG. 24B 1s a front-
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view diagram illustrating schematically the detector unit, and
FIG. 24C 1s a side-view diagram 1llustrating schematically
the detector unit.

FIG. 25A 1s a side-view diagram of a detector unit for
explaining bonding positions, between a holder and an optical
base, that are provided 1n an optical head according to a sixth
embodiment of the present invention, FIG. 25B 1s a front-
view diagram of a detector umit showing the bonding posi-
tions between the holder and the optical base, and FIG. 25C 1s
a side-view diagram of a modification of the detector unit.

FIG. 26 1s a diagram illustrating schematically an optical
system of an optical head according to a seventh embodiment
of the present invention.

FI1G. 27 1s a diagram 1llustrating schematically the configu-
ration of an optical system 1n a conventional optical head.

FIG. 28 1s a diagram partially 1llustrating a conventional
optical head.

FI1G. 29 1s a diagram for explaining a light-receiving sur-
face arrangement, and signal extraction, 1n a light detector of
a conventional optical head.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

Embodiments for carrying out the present invention will be

explained in detail below with reference to accompanying
drawings.

Embodiment 1

FIG. 1 1illustrates schematically an optical system of an
optical head 200 according to a first embodiment of the
present invention. In FIG. 1, constituent elements 1dentical to
those illustrated in FIG. 27 are explained using the same
reference numerals.

As 1llustrated 1n FIG. 1, the optical system of the optical
head 200 comprises a semiconductor laser 101 as a light
source, a diffraction grating 102, a beam splitter 103, a col-
limator lens 104, an objective lens 105, a cylindrical lens 115
and a light detector 120.

The light beam emitted by the semiconductor laser 101 1s
split into a plurality of light beams by the diffraction grating
102. The light beams that pass through the diffraction grating
102 are reflected by the beam splitter 103, are converted 1nto
parallel light beams by the collimator lens 104, and are inci-
dent on the objective lens 105 1n the form of so-called three-
beam converging light. The converging light 1s irradiated onto
an optical disk 201. An objective lens actuator 106 drives the
objective lens 105 1n the optical axis direction (focus direc-
tion) and the tracking direction (radial direction) of the opti-
cal disk 201. The light beams reflected and diffracted by an
information layer 202 of the optical disk 201 pass again
through the objective lens 105, then through the collimating,
lens 104, and are incident on the beam splitter 103. The light
beam that traverse the beam splitter 103 pass through the
cylindrical lens 115, and through an aperture 131 of a holder
130, and are 1ncident on the light detector 120.

FIGS. 2A to 2C illustrate an example of the light detector
120. The light detector 120 comprises a light-receiving sec-
tion 124, a cover glass 125 and a bonding layer 126. The
light-receiving section 124 comprises a light-receiving sur-
face 121 having a light-recerving region, circuit sections 122
and terminals 123. The bonding layer 126 bonds the light-
receiving section 124 and the cover glass 1235. That 1s, the
light-recerving section 124 1s fixed to the cover glass 125. The
terminals 123 are mounted and soldered to an FPC or a board.
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The terminals 123 output signals in accordance with the
quantity of received light as detected by the light-receiving
surtaces 121.

FIG. 3 illustrates schematically a light-receiving surface
121 of the light detector 120. The light-receiving surface 121
has formed thereon a four-quadrant light-recerving region
140 and sub-beam light-receiving regions 141. A main beam
142, from among the light beams that traverse the cylindrical
lens 115, 1s recerved by the four-quadrant light-receiving
region 140. The difference between signals at the two pair of
diagonally-opposing regions within the four-quadrant light-
receiving region 140 (difference between the two sum signals
of the diagonally-opposing regions) 1s computed by a sum-
ming amplifier 144 and a differential amplifier 145, to detect
thereby a focus signal. An RF signal 1s detected through
computation, by the summing amplifier 144, of the sum sig-
nals from the respective regions of the four-quadrant light-
receiving region 140.

Sub-beams 1n the form of reflected light beams that are
reflected by a track 1n the information layer 202 of the optical
disk 201, and that yield a tracking error signal according to a
three-beam method, are incident on the sub-beam light-re-
ceiving regions 141 of the light detector 120. Sub-beams 143,
from among the light beams that traverse the cylindrical lens
115, arerecerved at the sub-beam light-recerving regions 141.

A summing amplifier 141 and a differential amplifier 142
calculate a signal corresponding to the quantity of recerved
light at the sub-beam light-recerving regions 141 on the basis
of a push-pull signal from a signal corresponding to the quan-
tity of received light at the four-quadrant light-receiving
region 140, to generate thereby a tracking error signal in
accordance with a three-beam method (so-called DPP
method).

FIGS. 4A to 4C illustrate the configuration of the cylindri-
cal lens 115. FIG. 4B 1s a front-view diagram of the cylindri-
cal lens 115. FIG. 4A 1s a perspective-view diagram viewed
from an incidence surface, and FI1G. 4C 1s a perspective-view
diagram viewed from the exit surface.

The cylindrical lens 115 1s shaped overall as a solid cylin-
der. A cylindrical surface 116 1s formed at one end face of the
cylindrical lens 115, in the axial direction, while a concave
lens surtace 117 having lens power, and a flat surface 128 that
surrounds the concave lens surface 117, are formed at the
other end face of the cylindrical lens 115. The cylindrical lens
115 1s disposed 1n such a manner that the cylindrical surface
116 1s an 1incidence surface for light beams, and the concave
lens surface 117 1s an exit surface. The flat surface 128 1s a
surface perpendicular to the lens optical axis 118 of the cylin-
drical lens 115, and forms a circular ring that is coaxial with
the lens optical axis. In the figure, the reference numeral 119
denotes the central generatrix of the cylindrical surface 116.
The central generatrix coincides with the generatrix that inter-
sects the lens optical axis, from among the generatrices that
form the cylindrical surface 116. The lens optical axis 118
passes through the center of the concave lens surface 117. The
cylindrical surface 116 1s positioned furthest inward in the
lens optical axis direction, at the position of the central gen-
eratrix 119.

The optical head 200 of the first embodiment comprises a
detector unit 127. The detector unit 127 comprises the cylin-
drical lens 115, the holder 130 and the light detector 120, and
1s disposed 1n such a manner that the cylindrical lens 115, the
holder 130 and the light detector 120 are positioned in this
order from the side at which the retlected light beam 1s 1nci-
dent.

Unlike 1n the case of optical heads where the cylindrical
lens 1s provided spaced apart from the light detector, the
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optical head 200 of the present embodiment has the holder
130 between the cylindrical lens 115 and the light detector
120, with both the cylindrical lens 115 and the light detector
120 1n contact with the holder 130. The cylindrical lens 115 1s
bonded to the holder 130 1n such a manner that the cylindrical
lens 115 1s disposed at one side of the holder 130 1n direction
7. (optical axis direction of the retlected light beam). The light
detector 120 1s bonded to the holder 130 1n such a manner that
the light detector 120 1s disposed at the other side of the holder
130 1n direction 7.

FI1G. S 1llustrates part of the optical head 200. As illustrated
in FIG. 5, an optical base 113 1s provided in the optical head
200. The optical base 113 holds, for example, the semicon-
ductor laser 101 (FIG. 1), the diffraction grating 102 (FIG. 1),
the beam splitter 103, the collimator lens 104 and the objec-
tive lens actuator 106 (FIG. 1). The detector unit 127 1s
gripped by an external jig (not shown), at holding portions
132 (FIG. 6A), with respect to the optical base 113. In that
state, the position of the detector umit 127 can be adjusted 1n
direction Z (optical axis direction) along the optical base 113,
and within the X-Y plane (plane perpendicular to the optical
axis).

An explanation follows next on a method for adjusting the
position of the detector unit 127 with respect to the optical
base 113 and the optical axis. Adjustment of the detector unit
127 within the X-Y plane 1s performed by displacing the
detector umit 127 1n such a manner that the main beam 142 are
incident on substantially the center of the four-quadrant light-
receiving region 140. The position of the detector unit 127 in
direction Z 1s adjusted through fine adjustment of the detector
unit 127 1n direction Z 1n such a manner that the light-rece1v-
ing surface 121 is positioned at an astigmatic-difference focal
position, 1n a state where the positional relationship of the
objective lens 105 and the information recording layer 202 1s
that of just focus. As a result of that fine adjustment, the main
beam that 1s incident on the four-quadrant light-receiving,
region 140 takes on a circular shape whereby offset 1n the
focus error signal 1s cancelled. The output of the focus error
signal becomes 0 since the objective lens 1035 and the infor-
mation recording layer 202 are now in just focus. The sub-
beams 143 are caused to enter substantially the center of the
sub-beam light-recerving regions 141 through adjustment
(0z) of the reflected light beams about the optical axis. The
balance of the focus error signal 1s adjusted (according to a
definition set forth below) through adjustment 1n direction X
and direction Y, offset of the tracking error signal 1s adjusted
through rotation adjustment (0z), and focus offset of the focus
error signal 1s adjusted through adjustment 1in direction Z. The
position of the detector unit 127 1s thus adjusted 1n direction
7. and directions X-Y as described above. In the optical head
200 of the present embodiment, however, the cylindrical lens
and the light detector 120 are both fixed to the holder 130, and
hence the relative positional offset of the cylindrical lens 115
and the light detector 120 can be reduced vis-a-vis that in
conventional optical heads.

FIGS. 6A to 6C 1llustrate the configuration of the detector
unit 127. FIG. 6A 1s a side-view diagram viewed from the
light detector, FIG. 6C 1s a side-view diagram viewed from
the cylindrical lens, and FIG. 6B 1s a front-view diagram.

The holder 130 1s formed as a flat plate having a constant
thickness. The holder 130 comprises, for example, a tubular
aperture 131, holding portions 132, a light detector pressing
section 137, light detector positioning sections 135, a cylin-
drical lens pressing section 138 and cylindrical lens position-
ing sections 136. The cylindrical lens 115 1s bonded to the
face of the holder 130 at the side on which light reflected by
the optical disk 1s incident. The light detector 120 1s bonded to
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the holder 130 at the face on the opposite side thereto. One of
the main faces of the holder 130 at which the cylindrical lens
115 1s bonded (one end face in the optical axis direction of the
reflected light beam) may also be referred to as a first main
face, and the other main face of the holder 130 at which the
light detector 120 1s bonded may also be referred to as second
main face. The first main face and second main face are set to
be parallel to each other.

The light detector pressing section 137 1s a section formed
on the second main face of the holder 130, and is positioned
at substantially the center of the second main face. Specifi-
cally, part of the second main face functions as the light
detector pressing section 137. The light detector 120 1s 1n face
contact with the light detector pressing section 137. With the
light detector positioning sections 135 being provided on the
second main face, the light detector 120 can be positioned 1n
direction X and direction Y 1n use of this the light detector
positioning sections 135.

The cylindrical lens pressing section 138 1s formed on the
first main face of the holder 130, at a position substantially 1n
the center of the first main face. Specifically, part of the first
main face functions as the cylindrical lens pressing section
138. The flat surface 128 of the cylindrical lens 115 1s in face
contact with the cylindrical lens pressing section 138. The
cylindrical lens positioning sections 136, which are provided
on the first main face, have a circular arc surface that 1s formed
concentrically with the aperture 131. This circular arc surface
opposes the peripheral face of the cylindrical lens 115. The
cylindrical lens positioning sections 136 are used to allow
positioning the cylindrical lens 115 in direction X and direc-
tionY, and to allow the cylindrical lens 115 to rotate smoothly
about the optical axis during adjustment of the orientation of
the cylindrical lens 115 in the peripheral direction.

The aperture 131 1s formed within the area of the light
detector pressing section 137 and the cylindrical lens pressing
section 138, as viewed in the optical axis direction. The aper-
ture 131 1s an opening, having a circular cross-section, that
runs through the holder 130 in the thickness direction thereof.

The thickness of the holder 130 1s controlled so as to be
constant. As a result, the gap between the light detector 120
and the cylindrical lens 115 can be defined with good preci-
sion, and the orientation of the cylindrical lens 115 can be
matched, with good precision as well, to the optical axis
direction of the reflected light beam. The thickness of the
holder 130 1s, for instance, about 1.5 mm.

To position the light detector 120, the holding portions 132
of the holder 130 are gripped by an external jig (not shown),
and 1n that state, the light detector 120 1s pressed against the
light detector pressing section 137, to position thereby the
light detector 120 by way of the light detector positioning
sections 133. The light detector 120 1s positioned as a result,
with good precision, in direction X, direction Y and direction
7., with respect to the holder 130. In that state, the light
detector 120 1s bonded and fixed by way of light detector
bonding sections 133.

In the above configuration, unlike optical heads in which
the light detector and the cylindrical lens are built separately,
the positional error of the cylindrical lens 115 and the light
detector 120 1n direction Z 1s given by the dimensional error
ol the holder 130 alone. This dimensional error 1s determined
by the precision of the holder 130 as a component, 1n terms of
molding precision and machining precision. The dimensional
error can therefore be kept low, between about 5 and 20 um.
In a rough approximation, as described below, the positional
ollset between a light detector and a cylindrical lens 1n con-
ventional optical heads 1s of about 300u. The configuration in
the present embodiment allows thus reducing such positional
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olfset sigmificantly. A smaller positional offset of the beam of
light that strikes the light detector 120 allows 1n turn prevent-
ing impairment of the characteristics of the recording and
reproduction signals.

The cylindrical lens 1135 1s positioned 1n direction X and
directionY by way of the cylindrical lens positioning sections
136. The cylindrical lens 1135 1s positioned 1n direction 7
through pressing of the flat surface 128 of the cylindrical lens
115 against the cylindrical lens pressing section 138. The
cylindrical lens 115 1s disposed in such a manner that the
incidence surface side thereol becomes the cylindrical sur-
face 116. As a result, the orientation of the central generatrix
119 of the cylindrical surface 116 can be checked easily and
with high precision by causing parallel light beams to strike
the cylindrical surface 116, using an auto-collimator or the
like, not shown, and checking then the shape of the retlected
light beam (central generatrix 119 of the cylindrical surface
116). Specifically, the rotation direction of the cylindrical lens
115 may be adjusted by detecting the angle of the cylindrical
surface 116 (orientation of the central generatrix 119 of the
cylindrical surface 116), using an external measurement
device (not shown) such as an auto-collimator or the like. The
cylindrical lens 115 may then be bonded and fixed to the
holder 130 by way of the cylindrical lens bonding sections
134. The light detector 120 and the cylindrical lens 115 can be
positioned thereby, with greater precision, with respect to the
holder 130 and the aperture 131.

In the optical system of the present embodiment, the cylin-
drical surface 116 of the cylindrical lens 1135 1s positioned at
the incidence side of the light beam reflected from the optical
information medium. The cylindrical lens 1s not supposed to
be at a close distance from the light detector in optical heads
of detection optical systems of low magmification, and hence
the cylindrical surface 116 1s disposed on the side of the light
detector. In the present embodiment, by contrast, the cylin-
drical lens 115 and the detector 120 are disposed so as to
sandwich the holder 130 therebetween. Therefore, the dis-
tance between the cylindrical surface 116 and the light-re-
ceiving surface of the light detector 120 1s smaller when the
cylindrical lens surface 116 1s disposed on the side of the light
detector 120. The focus error signal performance may
become 1mpaired as a result. In the present embodiment,
therefore, the cylindrical lens 115 1s disposed 1n such a man-
ner that the cylindrical surtace 116 stands on the side of the
light incidence surface. The above configuration allows
increasing the astigmatic difference also when the magnifi-
cation of the detection optical system 1s large.

As aresult, the distance between the front focal line and the
tocal position and the distance between the rear focal line and
the focal position can be made greater, with better balance.
Focus error signals having good symmetry can be realized
thereby, and also the quality of the focus servo can be
enhanced. FI1G. 7 illustrates a front focal line, a focal position
and a rear focal line.

The holder 130 1s 1n contact with the flat surface 128 of the
cylindrical lens 115 upon adjustment of the orientation of the
central generatrix 119 of the cylindrical surface 116 in the
peripheral direction. The abutting surface area between the
cylindrical lens 115 and the holder 130 1s accordingly large.
As a result, rotation of the central generatrix 119 of the
cylindrical surface 116 about the lens optical axis 118 can be
adjusted once the relative angle between the cylindrical lens
115 and the holder 130 i1s stabilized. As used herein, the term
rotation adjustment denotes adjustment of the orientation of
the central generatrix 119 of the cylindrical surface 116 with
respect to direction of the parting lines of the four-quadrant
light-receiving region 140. For instance, the angles of the
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front focal line and rear focal line with respect to the oren-
tation of the parting line of the four-quadrant light-receiving
region 140 are adjusted to 45°, as 1llustrated 1n FIG. 10. The
flat portion 128 and the holder 130 are 1n close contact with
cach other, and are bonded and fixed 1n that state. Reliability
can be significantly enhanced thereby.

FIG. 8 illustrates the configuration of the cylindrical sur-
face 116 of the cylindrical lens 153 disposed on the side of the
light detector 120, for comparison vis-a-vis the configuration
in FI1G. 7. FIGS. 9A and 9B illustrate the relationship between
the position of the front focal line, the position of the rear
focal line and the position of the cylindrical surface 116 with
respect to the focal position on the light detector 120 of FIG.
7 and FIG. 8. FIG. 9A illustrates a configuration, correspond-
ing to FIG. 7, in which the cylindrical surface 116 and the
focal position (light-receiving surface of the light detector
120) are spaced apart from each other. FIG. 9B 1llustrates a
configuration, corresponding to FIG. 8, in which the cylin-
drical surface 116 1s close to the focal position.

In FIGS. 9A and 9B, the ratio of the distance between the
focal position and the front focal line and the distance
between the focal position and the rear focal line1s 0.8:1 1 a
configuration 1n which the cylindrical surface 116 1s disposed
at the opposite side away from the light detector 120 (FIG.
9A), assuming a spot diameter (circle of least confusion) of
the focal position of 1 mm. In the present embodiment there
can be obtained a stable so-called focus error signal wherein
an S-shaped signal exhibits good symmetry with respect to
GND, despite the small size of the optical head (FIG. 9C).

By contrast, the ratio of the distance between the focal
position and the front focal line and the distance between the
focal position and the rear focal line 1s 1:3 1n a configuration
in which the cylindrical surface 116 1s disposed on the side of
the light detector 120 (FIG. 9B). In this case, the resulting
focus error signal 1s an S-shaped signal having significantly
worse symmetry with respect to GND (FIG. 9D). This trans-
lates into unstable focus servo. The astigmatic difference
distance 1s about 20 to 30% greater 1n the configuration of
FIG. 9B, where the cylindrical surface 116 1s disposed on the
side of the light detector 120, than the configuration of FIG.
9A, 1n which the cylindrical surface 116 i1s disposed at the
opposite side away from the light detector 120. An S-shaped
signal (focus error signal) securing a wide acquisition range
can be achieved as a result in the configuration of FIG. 9A,
which allows realizing stable focus servo.

In the configuration of the present embodiment, the flat
surface 128 of the cylindrical lens 115 and the holder 130 are
fixed by being bonded to each other while 1n a closely
attached state in the detector unit 127 that comprises the
cylindrical lens 115, the holder 130 and the light detector 120
integrally formed with each other. The foregoing are bonded
to each other by way of the cylindrical lens bonding sections
134 where the cylindrical lens pressing section 138 and the
flat surface 128 are 1n a closely attached state. This results 1n
a small relative positional offset and relative angle offset
between the cylindrical lens 115 and the holder 130, that are
caused by adhesive swelling or shrinkage. The quality of the
focus error signal can be made more stable as a result. The
cylindrical surface 116, moreover, 1s disposed on the side of
the imncidence surface. The rotation of the cylindrical lens 115
can be adjusted therefore quickly and with high precision. An
optical head 200 of superior performance can be realized as a
result.

When the cylindrical surface 116 and the concave lens
surface 117 are compared with each other, for a lens surface
having a same given curvature, the cylindrical surface 116 1s
more difficult to form than the concave lens surface 117, 1n
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terms of molding and lens formation. The relative distance
between the light-recerving surface 121 of the detector 120
and the cylindrical surface 116 can be lengthened by arrang-
ing the cylindrical surface 116 at the side of the incidence
surface. Doing so allows reducing comparatively the lens
power of the cylindrical surface 116, and makes molding and

forming of the cylindrical surface 116 easier.

The characteristics of the surface of the holder 130 that
abuts the light detector 120 will be explained brietly next. A
characterizing feature of the present embodiment 1s the lower
coellicient of friction within a predetermined area of the light
detector pressing section 137, as the abutting surface that
abuts the light detector 120 within the surface of the holder
130. This facilitates position adjustment of the light detector
120. Specifically, the surface roughness of the mold for form-
ing the holder 130, at a portion corresponding to the prede-
termined area of the light detector pressing section 137, 1s
smaller than the surface roughness of other portions. The

surface at this portion is thus smoother. In the present embodi-
ment, the light detector 120 1s pressed against the light detec-
tor pressing section 137 of the holder 130, with the holding
portions 132 of the holder 130 gripped by an external j1g (not
shown). The position of the light detector 120 within the X-Y
plane 1s then adjusted in this state. The position of the light
detector 120 can be adjusted precisely, with small displace-
ments of 1 micron or less, by reducing the coetlicient of
friction of the surface that abuts the light detector 120, within
the surface of the holder 130. Reducing the coellicient of
friction to a greater degree at the portion that comes into
contact with the light detector 120 1s also advantageous in that
the holder 130 can be formed thereby at a lower cost than in
the case where the coeflicient of friction 1s reduced all over
the light detector pressing section 137 (also referred to as
second main face). Herein, the surface that abuts the light
detector 120 1s highly likely to be a region that encompasses
the central portion of the light detector pressing section of the
holder 130 (also referred to as second main face), 1.e. that
encompasses the barycenter position. That 1s, reducing the
surface roughness of a region that encompasses the bary-
center allows eliciting the envisaged etiect of enabling adjust-
ing smoothly at least the flat surface.

Also, the coelflicient of friction within a predetermined area
of the cylindrical lens pressing section 138, which 1s the
surface that abuts the cylindrical lens 115 within the surface
of the holder 130, 1s reduced. This facilitates adjusting the
position of the cylindrical lens 115. In the present embodi-
ment, the cylindrical lens 115 1s pressed against the cylindri-
cal lens pressing section 138 of the holder 130, with the
holding portions 132 of the holder 130 gripped by an external
11g (not shown). The position of the cylindrical lens 115
within the X-Y plane 1s then adjusted 1n this state. The posi-
tion of the cylindrical lens 1135 can be adjusted precisely, with
small displacements of 1 micron or less, by reducing the
coellicient of friction of the surface that abuts the cylindrical
lens 115, from within the surface of the holder 130. Reducing
the coellicient of friction to a greater degree at the portion that
comes 1nto contact with the cylindrical lens 115 1s also advan-
tageous in that the holder 130 can be formed thereby at a
lower cost than 1n the case where the coellicient of friction 1s
reduced all over the cylindrical lens pressing section 138 (also
referred to as first main face). Herein, the surface that abuts
the cylindrical lens 115 1s highly likely to be a region that
encompasses the central portion of the cylindrical lens press-
ing section of the holder 130 (also referred to as first main
face), 1.e. that encompasses the barycenter position. That is,
reducing the surface roughness of a region that encompasses
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the barycenter allows eliciting the envisaged ¢
enabling adjusting smoothly at least the flat surface.

The surface roughness of the circular arc surface of the
cylindrical lens positioning sections 136 may be set to be
approximately the surface roughness of the cylindrical lens
pressing section 138.

Conventional light detectors do not have to be positioned 1n
a state where the light detector 1s abutting the holder. In the
present embodiment, by contrast, positioning of the light
detector 120 1s adjusted 1n a state where the light detector 120
1s abutting the holder 130. As a result, more precise position-
ing can be achieved by reducing the coetficient of friction of
the holder surface vis-a-vis the coefficient of friction of the
surrounding surface, at a predetermined area (for 1nstance, at
the region at which the holder 130 and the light detector 120
come 1nto contact, and at a 300 micron area that constitutes a
position adjustment area on the second main face) within the
light detector pressing section 137 of the holder 130. In the
present embodiment, the positioning of the cylindrical lens
115 1s adjusted 1n a state where the cylindrical lens 115 1s
abutting the holder 130. As a result, more precise positioning
can be achieved by reducing the coelficient of friction of the
holder surface vis-a-vis the coefficient of friction of the sur-
rounding surface, at a predetermined area ({or instance, at the
region at which the holder 130 and the cylindrical lens 115
come 1nto contact, and at a 300 micron area that constitutes a
position adjustment area on the first main face) within the
cylindrical lens pressing section 138 of the holder 130.

In the present embodiment, at least part (light detector
pressing section 137) of the second main face has a smaller
surface roughness than the surface roughness at other por-
tions. However, the embodiment 1s not limited thereto. For
instance, the surface roughness over the entire second main
face may be smaller than the surface roughness of a side face
(face parallel to the optical axis) of the holder 130. In the
present embodiment, at least part (cylindrical lens pressing,
section 138) of the first main face has a smaller surface
roughness than the surface roughness at other portions. How-
ever, the embodiment 1s not limited thereto. For instance, the
surface roughness over the entire first main face may be
smaller than the surface roughness of a side face (face parallel
to the optical axis) of the holder 130.

FIG. 11 illustrates a method for fixing the detector unit 127
to the optical base 113.

After adjusting the position of the detector unit 127 1n
direction X, direction Y and direction Z, and the rotation of
the detector unit 127 about the optical axis, an adhesive 1s
coated onto the holder bonding sections 139, which are the
bonding sections between the optical base 113 and the holder
130, and the detector unit 127 1s fixed to the optical base 113.

In order to realize a small optical head that supports also
recording and reproduction to/from multilayer optical disks,
the detection optical system, which has the objective lens 105,
the collimating lens 104 and the light detector 120, 1s required
to have a greater lateral magnification, 1s required to be con-
figured 1n such a manner that stray light reflected from other
layers does not enter the sub-beam light-receving regions,
and 1s required to be small 1n s1ze. Tracking error signal offset
occurs when stray light reflected by other layers 1s incident on
the sub-beam light-recerving regions. Tracking servo perfor-
mance 1s significantly impaired thereby, which results 1 a
loss of recording and reproduction performance.

It becomes necessary therefore to increase the size of the
detection optical system of the optical head. On the other
hand, large lens power 1s required to be achieved, by forming

ect of
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a lens surface having a small radius of curvature on the cylin-
drical lens, 1n order to reduce the size of the detection optical
system.

FIG. 12A 1llustrates the relationship between the magnaifi-
cation (lateral magnification {3) of the detection optical sys-
tem and the radius of the concave lens portion (concave lens

surface) of the cylindrical lens, and the approximate calcu-
lated value of sub-beam off:

set with respect to the main beam
on the light detector. As used herein, the term detection opti-
cal system refers to the optical system along the path that a
reflected light beam follows from the objective lens 105 up to
the light detector 120, and that comprises the objective lens
105, the collimating lens 104 and the cylindrical lens 115. The
lateral magnification denotes the ratio of focal length of the
optical system that combines the collimating lens 104 and the
cylindrical lens 115, with respect to the focal length of the
objective lens 105. Sub-beam offset with respect to the main
beam on the light detector 120 occurs on account of errors in
the distance between the cylindrical lens 115 and the light
detector 120.

In a case where the cylindrical lens and the light detector
are configured spaced apart from each other, the offset of the
distance between the cylindrical lens and the light detector 1s
at most of about 300 um, even after adjustment in the optical
axis direction. FIG. 12A tabulates the results of a calculation
ol sub-beam spot positional offset for an offset of about 100
um of the distance between the cylindrical lens and the light
detector.

For an optical head of a given size, the radius of the concave
lens portion decreases sharply accompanying greater magni-
fication when, with a view to cope with multilayer optical
disks, the magnification (lateral magnification) of the detec-
tion optical system exceeds 10 times, instead of 5 times to 10
times, as 1n conventional cases. The detection optical system
becomes as a result more sensitive to positional offset
between the cylindrical lens and the light detector, 1in the
optical axis direction, and there increases sub-beam oifset
with respect to the main beam.

Conversion of sub-beam positional offset to PD balance 1s
considered next. It 1s deemed that, ordinarily, tracking SErvo
characteristics become significantly impaired for a 30% ofil-
set 1n PD balance, which exerts a non-negligible influence on
reproduction and recording signal characteristics.

The definition of PD balance 1s explained next with refer-
ence to FIG. 12B, FIG. 7 and FIG. 10.

FI1G. 7 1s a diagram illustrating the relationship between the
central generatrix 119 of the cylindrical surface of the cylin-
drical lens 115 and the four-quadrant light-receiving region
140. The cylindrical lens 115 gives rise to an astigmatic
difference between mutually dissimilar focal positions. The
astigmatic difference arises between the front focal line and
the rear focal line that are at an angle of 90 degrees with
respect to each other within the X-Y plane (within the plane
perpendicular to the optical axis of the reflected light beam).
The central generatrix 119 of the cylindrical surface in FI1G. 7,
which 1s set along a direction perpendicular to the paper, 1s
disposed at an oblique angle of 45 degrees with respect to the
parting lines of the four-quadrant light-recerving region 140
of the light detector 120 (FIG. 10).

The relative distance between the information layer 202
and the objective lens 105 varies due to, for instance, surface
runout of the optical disk 201. Light 1s focused as a result at
the front focal line and the rear focal line. The light-recerving,
surface 121 1s disposed at the focal position 1n the figure. The
magnification (lateral magnification ) of the detection opti-
cal system 1s determined by the focal length of the objective
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lens 105, the focal length of the collimating lens 104 and the
optical power of the concave lens surface 117 of the cylindri-
cal lens 115.

FIG. 10 illustrates the shape of the front focal line and rear
focal line viewed from the optical axis direction, and the
shape of a light beam on the four-quadrant light-receiving
region 140. The focus error signal 1s calculated as (A+C)-

(B+D), the PD balance (direction X) as ((A+B)—-(C+D))/( A+
B+C+D), and the PD balance (direction Y) as ((A+D)-(B+
C))/(A+B+C+D), wherein A, B, C and D denote detection
signals of respective light-recerving regions 1n the four-quad-
rant light-recerving region 140.

The position of the detector unit 127 1s adjusted 1n direction
X and direction Y 1n such a manner that PD balance (direction
X) and PD balance (direction Y) approach 0.

Herein, a 1 um sub-beam ofiset on the light detector cor-
responds to an oifset of about 3% for sub-beam PD balance.
Theretore, the sub-beam PD balance exhibits an offset of
about 20% 1n a detection optical system where magnification
1s 16 times. The PD balance exhibits an ofiset of about 60% 1n
a case where the distance between the cylindrical lens and the
light detector 1s offset by 300 um. Thus, an increase 1n the
tracking error signal offset translates into a significant impair-
ment of tracking servo performance.

It 1s therefore difficult to adjust the cylindrical lens and
light detector separately in optical heads that are small and
that comprise a high-magnification detection optical system.

In the present embodiment, by contrast, the positional ofl-
set of the cylindrical lens 115 and the light detector 120 1n the
7. axial direction can be reduced to be of about 5 um up to 20
um. Therefore, the PD balance 1s of about 4%, even 1n cases
where a lens having 16 times detection magmification 1s used.
This PD balance value 1s very low, as compared with that of
conventional optical heads, and indicates that good reproduc-
tion signal characteristics can be preserved even when using
an objective lens having high detection magnification. The
lateral magnification 1n the first embodiment ranges prefer-
ably from 14 times to 16 times. The radius of curvature of the
cylindrical surface may be equal to or smaller than 2.6 mm 1n
the case of 14 times lateral magnification.

FIG. 13 A 1llustrates schematically an 1nstance of surface
reflection from another recording layer 1n a two-layer optical
disk 201. FIG. 13B 1illustrates schematically an instance of
surface reflection from another recording layer in a multilayer
optical disk 301. Reflected light from these other layers 1s
incident on the sub-beam light-receiving regions 141 and
introduces offset 1n the tracking error signal, impairing as a
result the quality of tracking servo. FIG. 13A 1llustrates an
instance of stray light from another recording layer when
converging light 300 1s focused on a given recording layer 1n
a case where the optical disk 201 1s a two-layer disk. Upon
focusing onto layer LO (recording layer), light reflected by
layer L1 (recording layer) becomes other-layer stray light.

FIG. 13B 1llustrates an instance of stray light from another
recording layer when converging light 300 1s focused on a
given recording layer in a case where the optical disk 301 1s a
four-layer disk. In FIG. 13B, light 1s focused onto layer L2
(recording layer), and lightretlected by layer LO, layer L1 and
layer L3 (recording layer) becomes other-layer stray light.
The standard spacing d2 between layer LO and layer L1 in the
case of the two-layer disk 1llustrated in FIG. 13A 15 25+35 um,
1.e. mmmimum 20 pm and maximum 30 um. As a result, the
amount of other-layer stray light on the light detector 120 can
be limited to certain extent. In the case of an optical disk
having three or more layers, for instance the four-layer disk
illustrated 1n FIG. 13B, 1t 1s very likely that the layer spacing
dd4min, which 1s the smallest layer spacing (1n the figure, for
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instance, layer spacing between layer L2 and layer L3) 1s
smaller than that 1n the case of a two-layer optical disk. For
the layer spacing ddmax between the layers that are most
spaced apart from each other (in the example of the figure, the

layer spacing between layer O and layer 1.3), the amount of 5

other-layer stray light that1s incident on the light detector 120
1s significantly greater than that in the case of a two-layer
optical disk. Therefore, 1n order to detect a stable tracking
error signal, and support recording and reproduction to/from
multilayer optical disks, 1t 1s necessary to increase the mag-
nification (lateral magnification p) of the detection optical
system 1n such a manner that other-layer stray light does not
leak onto the sub-beam light-receiving regions 141, and it 1s
necessary to widen the distance between the four-quadrant
light-receiving region 140 that receives the main beam 142
and the sub-beam light-receiving regions 141 that receive the

sub-beams 143.

FIGS. 14A and 14B 1illustrate the relationship between the
s1ze of other-layer stray light 147 and the distance between
the sub-beams 143 and the main beam 142 on the light detec-
tor 120. The distance between the main beam 142 and the
sub-beams 143 on the light detector 120 1s a value resulting
from multiplying the gap between the sub-beams and the
main beam, which 1s condensed onto the information record-
ing layer 202 (FIG. 1), by the lateral magmfication of the
detection optical system. For instance, the distance between
the main beam 142 and the sub-beams 143 on the light detec-
tor 120 1s of about 120 um when a gap between the main beam
and the sub-beams on a track of the information recording
layer 202 1s 20 um and the lateral magnification of the detec-
tion optical system 1s about 6 times. To detect stable tracking
error signals in order to support recording and reproduction
to/from multilayer optical disks, however, the size of other-
layer stray light 1s required to be about 150 um, and the lateral
magnification of the detection optical system about 10 times.
The distance between the main beam 142 and the sub-beams
143 1s about 200 um 1n this case. The spacing between the
main beam and the sub-beams on the track of the information
layer 202 1s about 20 um. This value, which affects the track-
ing error oiffset upon movement from the inner periphery
towards the outer periphery of the optical disk 201, 1s set
beforechand 1n each device. The selected value ranges ordi-
narily from 10 pum to 20 um.

The dimensions of the detection optical system are
required to be reduced 1n order to realize a smaller optical
head 200. The detection optical system 1s required to also be
made smaller, with the influence of the other-layer stray light
in mind. The influence of other-layer stray light mandates a
greater magnification in the detection optical system. For a
given lateral magnification, however, the focal length of the
objective lens 105 becomes smaller when the size of the
detection optical system 1s reduced only at the objective lens
105 and the collimating lens 104. The working distance
between the objective lens 105 and the surface of the optical
disk 201 becomes shorter as a result. Therefore, reducing the
s1ze ol the detection optical system 1s difficult to realize on
account of the problem of focus servo difficulties that doing
so entails. However, lateral magnification can be increased
without moditying the focal length of the objective lens 105,
and the dimensions of the detection optical system can be
made smaller, by arranging the concave lens surface 117 on
the side of the exit surface of the cylindrical lens 1135, as
described above.

In order to increase the distance between the four-quadrant
light-receiving region 140 and the sub-beam light-receiving
regions 141, the lateral magnification of the detection optical
system comprising the objective lens 105, the collimating
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lens 104, and the concave lens 117 of the cylindrical lens 115,
1s preferably set to range from about 10 times to 20 times.

With increased lateral magnification, the dimensions of
detection optical system 1s required to then be reduced 1n
order to realize a small optical head 200. A lens having a very
large lens power, with a radius of curvature of about 5 mm to
1 mm (equal to or greater than 1 mm and equal to or smaller
than 5 mm) 1s required to be used as the concave lens 117 of
the cylindrical lens 115.

The lateral magnification of the detection optical system
varies greatly, on account of the relative distance error
between the cylindrical lens 1135 and the light-receiving sur-
tace 121 ofthe light detector 120, 1n a configuration where the
magnification in the detection optical system 1s increased and
the cylindrical lens 113 has a substantial lens effect. Accord-
ingly, there increases the likelihood that the sub-beams 143
necessary for generating the tracking error signal are incident
at positions oif the sub-beam light-recerving regions 141. For
instance, the lateral magnification of the detection optical
system 1s reduced, and the sub-beams 143 are incident on
nearer the four-quadrant light-recerving region 140, when the
distance between the cylindrical lens 115 and the light detec-
tor 120 1s shorter than a predetermined distance. Conversely,
the lateral magnification of the detection optical system
increases, and the sub-beams 143 strike outside the sub-beam
light-recerving regions 141, when the distance between the
cylindrical lens 115 and the light detector 120 1s longer than
a predetermined distance.

In a detection optical system having a lateral magnification
equal to or greater than 10 times, the change 1n lateral mag-
nification 1s equal to or greater than about 0.7% when the
relative distance error between the cylindrical lens 115 and
the light detector 120 exceeds 50 um. That 1s, the sub-beams
143 shiit by several um 1n direction Y, and the change 1n
tracking error signal ofifset exceeds about 10%. Tracking
servo performance becomes significantly impaired as a result.
In a detection optical system having large lateral magnifica-
tion, therefore, 1t 1s necessary to reduce the relative distance
error between the cylindrical lens 1135 and the light detector
120 to be significantly smaller than 50 um.

In the optical head 200 of the present embodiment, the light
detector 120 and the cylindrical lens 115 can be positioned
beforehand on the holder 130, with good precision, upon
adjustment of the position of the detector unit 127. Therefore,
the relative position error between the cylindrical lens 115

and the light detector 120 with respect to the holder 130 can
be reduced significantly upon adjustment of the position of
the light detector 120 within the X-Y plane, on the optical
base 113, and upon adjustment of the position of the cylin-
drical lens 115 1n direction Z (optical axis direction). Error 1n
the lateral magnification of the detection optical system and
deterioration of the tracking error signal can both the signifi-
cantly reduced as a result.

In the optical head 200 of the present embodiment the
cylindrical lens 115 and the light detector 120 are integrated
together, and hence the positional error of the cylindrical lens
115 with respect to the light detector 120 1n direction Z arises
only from dimensional errors 1n the holder 130. This dimen-
sional error can be kept within a range of 5 to 20 um, and
hence the positional error between the cylindrical lens 1135
and the light detector 120 1n direction Z can be reduced to be
no greater than 50 um. The relative positional error of the
cylindrical lens 1135 with respect to the light detector 120 1n
direction X and directionY can also be kept no greater than 50
um. As aresult, 1t becomes thus possible to use an optical head
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200 having large lateral magnification, and to realize a small
high-performance optical head 200, also for a multilayer opti-

cal disk 301.

The cylindrical lens 115 and the light detector 120 are fixed
beforechand to the holder 130 1n the detector unit 127. As a

result, the position of the detector unit 127 itself can be
adjusted within the X-Y plane, on the optical base 113, and
can be adjusted also 1n the optical axis direction (direction 7).
Changes 1n the lateral magnification of the detection optical
system can be reduced thereby. As a result there can be
realized an optical head 200 having excellent reliability and
that can perform stable recording and reproduction with little

offset fluctuation 1n tracking error signal.
FIGS. 15A and 15B 1illustrate the influence of the diameter

of the aperture 131 during adjustment 1n direction Z. Also 1n
a configuration where the aperture 131, the cylindrical lens
115 and the light detector 120 are integrated together, a wider
opening diameter of the aperture 131 1s preferable on account

of the associated greater error tolerance during adjustment of
the aperture 131, the cylindrical lens 115 and the light detec-
tor 120. A detection optical system having a magnification
equal to or greater than 10 times 1s used 1n order to enable
recording and reproduction to/from the multilayer optical
disk 301 when integrating the aperture 131, the cylindrical
lens 115 and the light detector 120, as in the present embodi-
ment. During recording and reproduction in such a multilayer
optical disk 301, reflected light (other-layer stray light) from
information recording layers other than the target layer for
recording or reproduction 1s also incident, which affects sig-
nificantly the quality of the reproduction signal. This multi-
layer stray light 1s required to be therefore cut off. Such being
the case, the surface area of the aperture 131 1s required to be
made smaller.

The adjustment amount of the light detector 120 cannot be
prevented from introducing an error in the relative position
between the aperture 131 and the cylindrical lens 115 1n an
optical head where the cylindrical lens 115 1s spaced apart
trom the aperture 131 and the light detector 120 but where the
aperture 131 and the light detector 120 are integrated
together. Therefore, at least a dimensional allowance 1s
required 1n the opening diameter, the allowance being equal
to or greater than the adjustment amount (ordinarily, from
about 0.05 mm to 1 mm) within a plane perpendicular to the
optical axis of the light detector 120. In the present embodi-
ment, by contrast, the aperture 131, the cylindrical lens 115
and the light detector 120 are all integrated together, and
hence the opening diameter of the aperture 131 can be made
smaller.

FIG. 15A 1llustrates an optical head 1n a comparative
example. In this case, the relative position between the holder
130 and the cylindrical lens 115 varies through adjustment of
the cylindrical lens 1135 in the front-rear direction (direction
7). Therefore, the diameter of a light beam passing through
the aperture 131 varies significantly between a main beam a
and a main beam b. The diameter of the aperture 131 1is
required to be increased as a result, which 1s accompanied by
a significant increase in the amount of stray light that strikes
the sub-beam light-recerving regions 141 of the light detector
120.

In the optical head 200 of the present embodiment illus-
trated in FI1G. 15B, by contrast, the detector unit 127 1s inte-
grally adjusted 1n direction 7. Therefore, the relative distance
between the cylindrical lens 115 and the holder 130 does not
change, and hence the diameter of the light beams that pass
through the aperture 131 remains virtually unchanged. The
diameter of the aperture 131 can be therefore reduced to the
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utmost, and the amount of stray light striking the sub-beam
light-recerving regions 141 of the light detector 120 can be
reduced significantly.

The difference in the diameter of the aperture 131 during
adjustment 1n direction X will be explained next with refer-
ence to FIGS. 16A and 16B. FIG. 16A illustrates an optical

head 1n a comparative example. In this optical head, the
relative position relationship between the cylindrical lens 115
and the holder 130 1s modified by adjusting the light detector
120 to the lett and right (direction X). Therefore, the diameter
of a light beam passing through the aperture 131 varies sig-
nificantly between a main beam a and a main beam b. The
diameter of the aperture 131 1s required to be increased as a
result, which 1s accompanied by a significant increase 1n the

amount of stray light that strikes the sub-beam light-receiving
regions 141 of the light detector 120.

In the optical head 200 of the present embodiment 1llus-
trated 1n F1G. 16B, by contrast, the detector unit 127 moves as
a single body 1n direction X. Accordingly, the relative dis-
tance between the cylindrical lens 115 and the holder 130
does not change, and thus the diameter of the light beam that
passes through the aperture 131 remains virtually unchanged.
The diameter of the aperture 131 can be therefore reduced to
the utmost, and the amount of stray light striking the sub-
beam light-receiving regions 141 of the light detector 120 can
be reduced significantly.

An explanation follows next, with reterence to F1G. 16C on
the relationship between the dimensions of the aperture 131
with respect to the dimensions of the main beam a in the
optical head of the present embodiment.

The aperture diameter can be equated to the sum of the
diameter of the reflected light beam, the positional offset
amount, 1n direction X (or direction Y ), of the cylindrical lens
115 with respect to the aperture 131 of the holder 130, the
positional offset amount, in direction X (or directionY ), of the
light detector 120 with respect to the aperture 131 of the
holder 130, and the increase 1n the reflected light beam diam-
cter at the position of the aperture 131 that results from
adjusting the position of the light detector unit 127 in direc-
tion Z. That 1s, the adjustment dimensions (about 0.05 mm to
1 mm) of the light detector unit 127 in direction X (or direc-
tion Y) can be excluded, and hence the aperture diameter can
be reduced significantly.

In the present example, the aperture 131 1s shaped as a
cylindrical hole, but may also be shaped as a conical hole, as
illustrated 1n FIG. 17. Such a configuration allows further
reducing the aperture diameter 1n conceivable cases where
sub-beams 143 strike obliquely.

Needless to say, the emission wavelength of the semicon-
ductor laser 1, as the light source in the first embodiment, may
suitable be of about 780 nm for CDs, of about 650 nm for
DVDs, or of about 405 nm for BDs.

FIG. 18 1llustrates an example of the configuration of an
optical disk drive 400 as an optical information device where
the above optical head 200 1s used. The optical disk 201 1s
fixed between a clamper 401 and a turntable 402, and 1s
caused to rotate 1n that state by a motor (rotation system) 403.
The optical head 200 rests on a traverse (transport system)
404, such that the point struck by light can shift from the inner
periphery of the optical disk 201 towards the outer periphery
thereolf. On the basis of signals received from the optical head
200, the control circuit 405 performs, for instance, focus
control, tracking control, traverse control as well as control of
the rotation of the motor 403. A signal processing circuit 406
reproduces information on the basis of a reproduction signal,
and outputs the result to an input/output circuit 407. The
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signal processing circuit 406 also sends signals coming from
the input/output circuit 407 to the optical head 200, via the

control circuit 403.

The present embodiment atfords a more distinctive effect
through the use of an optical head 200 having a cylindrical
lens 115 of lhigh concave lens power, and having a large-
magnification detection optical system. The cylindrical sur-
face 116 of the cylindrical lens 115 1s disposed at the opposite
side away from the light detector 120. The servo signal per-
formance can be further enhanced thereby. The present inven-
tion, however, can be used irrespective of the magnitude of
the lens power of the cylindrical lens, and can be used 1n other
optical heads, without restrictions. In those cases as well, the
present invention allows reducing the relative positional error
between a cylindrical lens and a light detector.

The cylindrical lens 115 1n the present embodiment 1s made
up of a glass maternial, and 1s bonded to the holder 130 that 1s
made up of a metal such as zinc, aluminum or the like.
However, the cylindrical lens 115 and the holder 130 may
both be made up of a resin. Also, the cylindrical lens 115 and
the holder 130 may be made up of resin and be formed
integrally with each other.

il

Embodiment 2

An optical head according to a second embodiment of the
present invention will be explained next.

FIGS. 19A to 19C illustrate the detector unit 127 provided
in the second embodiment and illustrate the relationship
between the light detector 120, the cylindrical lens 115, the
holder 130 and the aperture 131.

The detector unit 127 of the present embodiment lacks the
light detector positioning sections 135 and the cylindrical
lens positioning sections 136. The holder 130 of the detector
unit 127 has the aperture 131, the holding portions 132, the
light detector pressing section 137, the cylindrical lens press-
ing section 138, the light detector bonding sections 133 and
the cylindrical lens bonding sections 134. In the detector unit
127 there 1s adjusted the relative position relationship
between the aperture 131 and the light detector 120, as well as
the relative position relationship between the aperture 131
and the cylindrical lens 115. In the above adjustments, the
position of the light-receiving surface 121 of the light detector
120 1s adjusted, 1n direction X and direction’Y, with respect to
the aperture 131 and the holding portions 132 of the holder
130, in the X-Y plane, and also the angle 0z about the optical
axis 1s adjusted. The holder 130 1s fixed thereafter. The light
detector 120 can be positioned thereby, with good precision,
with respect to the holder 130.

The position of the cylindrical lens 115 1s adjusted with
respect to the holder 130 or the aperture 131, in such a manner
that the outer shape of the cylindrical lens 115 or the lens
optical axis 118 of the cylindrical lens 113 coincides with the
center of the aperture 131. The position 1s adjusted by adjust-
ing the position in direction X and direction Y within the X-Y
plane. The angle 0z of the cylindrical lens 115 about the
optical axis 1s also adjusted. This 1s done by rotating the
cylindrical lens 115 about the optical axis 1n such a manner
that the central generatrix 119 of the cylindrical surface 116
adopts a predetermined orientation.

In the detector umt 127, the above configuration allows
positioning and fixing, with good precision, the cylindrical
lens 115, the aperture 131 and the light-recerving surface 121
of the light detector 120. The inner diameter of the aperture
131 can be reduced thereby to the essential minimum. Other-
layer stray light coming from the multilayer recording
medium and that strikes the light-receiving surface 121 of the
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light detector 120 can be better blocked as a result. Also, the
optical head 200 can be made thinner, since the shape of the
holder 130 can be made smaller.

In the present embodiment, the position of the cylindrical
lens 115 1n the Z axial direction 1s adjusted by pressing the
cylindrical lens 115 against the cylindrical lens pressing sec-
tion 138, after which the cylindrical lens 1135 1s bonded and
fixed to the holder 130 at the cylindrical lens bonding sections
134. The embodiment, however, 1s not limited thereto, and the
position of the cylindrical lens 115 1n the Z axial direction
may be adjusted, without pressing the cylindrical lens 1135
against the cylindrical lens pressing section 138. The cylin-

drical lens 115 1s then bonded and fixed to the holder 130 at
the cylindrical lens bonding sections 134.

Embodiment 3

An optical head according to a third embodiment of the
present invention will be explained next.

FIGS. 20A to 20C 1llustrate the configuration of the detec-
tor unit 127 provided 1n the third embodiment. The figure
illustrates the light detector 120, the cylindrical lens 115, the
holder 130, the aperture 131, the four-quadrant light-rece1v-
ing region 140 and sub-beam light-recerving regions 141.

The third embodiment differs from the first embodiment 1n
that herein the shape of the aperture 131 1s not cylindrical, but
non-cylindrical. The four-quadrant light-receiving region
140 and sub-beam light-receirving regions 141 are disposed
on the light-receiving surface 121 of the light detector 120 1n
such a way as to be arrayed 1n one direction, and the aperture
131 is shaped in such a manner that the cross-sectional shape
thereol extends in that direction as a non-cylindrical shape.
The non-cylindrical shape of the aperture allows reducing the
amount of other-layer stray light that strikes the light-receiv-
ing surface 121, and allows realizing yet more stable focus
servo and tracking servo.

The aperture 131 1n the third embodiment 1s shaped as a
rectangle, but may also be shaped as long hole whose periph-
eral face 1s shaped 1n part as a circular arc, or may be shaped
as an oval or the like, as shown 1n FIG. 20D.

Embodiment 4

An optical head 200 according to a fourth embodiment of
the present invention will be explained next.

The shape and arrangement of the aperture 131 1n the
fourth embodiment are different from those in the first to third
embodiments.

FIG. 21A illustrates the configuration of an optical system
of an optical head 200 according to the fourth embodiment.
The semiconductor laser 101 emits a light beam having an
emission wavelength of about 405 nm. In this optical system,
a hologram element 150 1s disposed between the beam splitter
103 and the cylindrical lens 115. The optical head generates a
tracking error signal by a one-beam method (APP method).

FIG. 21B illustrates the configuration of the hologram
clement 150. The solid line 1n the figure denotes a split pattern
of the hologram element 150, and the broken line indicates
the cross-sectional shape of a light beam that traverses the
hologram element 150. The hologram element 150 has amain
beam region 151; APP main regions 152, 153 onto which
there strike interference light in the form of £1 order light and
0 order light, diffracted by the information recording layer
202; and APP sub-regions 154, 155 onto which only 0-order
light 1s 1incident.

FIGS. 22A and 22B illustrate schematically the relative
position relationship between the aperture 131 and the light-
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receiving surface 121 of the light detector 120. As 1llustrated
in F1G. 22 A, the light-receiving section 124 of the light detec-
tor 120 comprises the circuit section 122, the bonding layer
126 and the cover glass 125. As illustrated in FIG. 22B, the
four-quadrant light-receiving region 140, the APP main
regions 152, 153 and the APP sub-regions 154, 155 are
tformed 1n the light-recerving surface 121. The fan-shaped
broken line 1n FIG. 22B denotes the shape of the aperture 131.
In the present embodiment, the light-recerving surface 121 1s
rectangular, and the aperture 131 is fan-shaped. The central
position of the fan shape 1s positioned 1n the vicinity of one of
the corners of the light-recerving surface 121.

The light beams that pass through the split regions of the
hologram element 150 strike the light-receiving surface 121.
The light beam that passes through the main region 151 of the
hologram element 150 strikes the four-quadrant light-rece1v-
ing region 140 of the light-recerving surface 121, while the
light beams that pass through the APP main regions 152, 153
or the APP sub-regions 154, 155 of the hologram element 150
strike respective light-recerving regions (sub-beam light-re-
ceiving regions 141) 1n the figure.

In the four-quadrant light-receiving region 140, a focus
error signal 1s generated through calculation of the difference
between the sum signals of diagonally-opposing regions (dit-
terence between the two sum signals obtained from the diago-
nally-opposing regions). An RF signal i1s generated on the
basis of the total sum of the signals for each region of the
four-quadrant light-receiving region 140. A tracking error
signal 1s generated on the basis of a light reception signal from
the sub-beam light-receiving regions 141. That 1s, a so-called
push-pull signal 1s generated on the basis of the differentials
between the light beams received at the sub-beam light-re-
ceiving regions 141 (light beams passing through the APP
mainregions 152, 153). This signal 1s computed with the light
reception signal from the light beams (light beams passing,
through the APP sub-regions 154, 155) received at the sub-
beam light-receiving regions 141. A tracking error signal 1s
thus generated in accordance with a so-called APP method.

The four-quadrant light-recerving region 140 and the sub-
beam light-recerving regions 141 are disposed spaced apart
from each other on the light-recetving surface 1n such a man-
ner that other-layer stray light does not strike the sub-beam
light-receiving regions 141. To achieve a thinner optical head
200, the four-quadrant light-receirving region 140 and the
sub-beam light-receiving regions 141 are disposed on the
light-recerving surface 121, not along a straight line but form-
ing an L. Specifically, the four-quadrant light-receiving
region 140 1s disposed 1n the vicinity of one corner of the
rectangular light-recerving surface 121, one sub-beam light-
receiving region 141 1s disposed 1n the vicinity of a corner that
1s adjacent to the above corer, and a further sub-beam light-
receiving region 141 is disposed in the vicinity of the other
corner that 1s adjacent to the first corner. In such an arrange-
ment, the center of the optical axis coincides with the center
of the four-quadrant light-receiving region 140. In other
words, the barycenter positions of the four-quadrant light-
receiving region 140 and the sub-beam light-receiving
regions 141, 141 are offset with respect to the position of the
optical axis center (center position of the aperture 131) and
with respect to the barycenter position of the light-recerving
surtace 121.

In the first embodiment, the aperture 131 and the light-
receiving surtface 121 of the light detector 120 are disposed in
such a manner that the center (optical axis center) of the
four-quadrant light-receiving region 140 coincides with the
center of the aperture 131. In the fourth embodiment, by
contrast, the aperture 131 is fan-shaped (non-circular), and
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the center of the fan shape of the aperture 131 does not
coincide with the center of the four-quadrant light-receiving

region 140 (center of the light beam that passes through the
main beam region 151). Such a configuration allows reducing
to the utmost the aperture 131 with respect to the four-quad-
rant light-recerving region 140 and the sub-beam light-rece1v-
ing regions 141, 141. In turn, this allows reducing signifi-
cantly the quantity of other-layer stray light that strikes the
light-recerving surface 121, as well as the stray light that
arises on account of, for instance, surface reflection in the
optical elements. Focus error signal offset and tracking error
signal offset can both be significantly reduced thereby, and
the optical head 200 can be made significantly thinner.

An explanation follows next, with reference to FIG. 22C,
on stray light that strikes the four-quadrant light-receiving
region 140, the sub-beam light-recerving regions 141 and the
bonding layer 126. FIG. 22C, illustrates, by way of arrows,
the stray light that 1s reflected by the surface of the optical disk
201, the surface of the optical elements, the surface of the
optical base 113 and so forth. Stray light can be easily blocked
by sites other than the aperture 131 of the holder 130, by
bringing the peripheral edge of the aperture 131 close to the
four-quadrant light-receiving region 140 and the sub-beam
light-receiving regions 141. Stray light that strikes the four-
quadrant light-receiving section region 140 and the sub-beam
light-receiving regions 141 can be significantly reduced
thereby.

The bonding performance of the bonding layer 126 1s
impaired after several hundred hours of 1rradiation by light
beams having a 405 nm wavelength. In the present embodi-
ment, therefore, the bonding layer 126 1s covered and hidden
entirely by the holder 130 1n such a manner that the bonding
layer 126 does not protrude into the aperture 131. The adhe-
stve 1s positioned in the vicinity of the peripheral edge of the
rectangular light-receiving surface 121 1n the light-recerving
section 124, as illustrated 1in FIG. 22B. The peripheral edge of
the aperture 131, as viewed from the optical axis direction, 1s
positioned further inward than the inner edge of the adhesive,
as 1llustrated 1n FI1G. 22C. As a result, the bonding layer 126
1s prevented from being struck by light beams having a 405
nm wavelength. The holder 130 blocks other-layer stray light
that strikes mainly the scattering system, and blocks also stray
light that 1s reflected at the surface of the optical disk 201, the
surface of the optical elements, the surface of the optical base
113 and so forth, and that strikes mainly the condensing
system.

The above configuration allows suppressing degradation of
the bonding layer 126 that 1s caused by 1rradiation of a light
beam having a wavelength of about 405 nm. The reliability of
the optical head 200 can be significantly enhanced as a result.

Embodiment 5

A fifth embodiment of the present invention 1s explained
next.

FIGS. 23 A and 23B 1illustrate the configuration of an opti-
cal system provided 1n an optical head 200 according to a fifth
embodiment of the present invention. The fifth embodiment
differs from other embodiments 1n that herein the cylindrical

lens 115 1s inclined with respect to the light-receiving surface
121 of the light detector 120.

As 1llustrated i FIG. 23 A the light beam emitted by the
semiconductor laser 101, as a light source, i1s split into a
plurality of light beams by the diffraction grating 102. The
light beams that pass through the diffraction grating 102 are
reflected by a flat-plate beam splitter 160, and are converted
into parallel light beams by the collimator lens 104, and then
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are incident on the objective lens 105. As a result, the light
beams become so-called three-beam converging light that 1s
irradiated onto the optical disk 201.

An objective lens actuator drives the objective lens 105 1n
the optical axis direction (focus direction) and 1n the radial
direction of the optical disk 201. Light reflected/refracted by
the information recording layer 202 of the optical disk 201
passes again through the objective lens 103, and through the
tflat-plate beam splitter 160. The light beams that traverse the
flat-plate beam splitter 160 pass through the cylindrical lens
115, and strike the light detector 120.

Herein, the cross section of the holder 130 1s shaped as a
wedge such that the first main face (cylindrical lens pressing,
section) of the holder 130 constitutes an inclined face 158 that
1s inclined with respect to the second main face (light detector
pressing section). Therelore, the plane perpendicular to the
lens optical axis 118 of the cylindrical lens 115 1s inclined by
an angle Oa with respect to the light-receiving surface 121 of
the light detector 120. The holder 130 1s disposed 1n such a
manner that the inclination of the first main face 1s contrary to
the direction in which the flat-plate beam splitter 160 1s
inclined.

The angle Oa 1s set 1n order to correct the coma aberration
of reflected light beams. An optimal value of the angle Oa can
be set 1n accordance with the angle and thickness of the flat
plate-shaped optical element that 1s disposed 1n the detection
optical system. The inclination angle Oa preferably ranges
from about 5 to 20 degrees, more preferably from about 5 to
15 degrees. In the present Embodiment 5, for instance, the
inclination angle Oa1s o1 9.5 degrees. The inclination angle Oa
of the cylindrical lens 115 can be appropriately set, within the
above ranges, 1n accordance with the thickness of the beam
splitter 160, 1.e. 1n accordance with the degree of aberration
caused by the beam splitter 160.

In the first embodiment that uses the beam splitter 103, the
angle Ob of the orientation of the central generatrix 119 of the
cylindrical surface 116, 1n the peripheral direction, 1s 45
degrees. In the fifth embodlment which uses the flat-plate
beam splitter 160, the angle Ob of the orientation of the central
generatrix 119 of the cylindrical surface 116, 1n the peripheral
direction, 1s set to about 40 degrees to 30 degrees with respect
to the axis 1n direction X of FIG. 23 A, 1n order to cancel the
astigmatism generated by the light beams as the latter pass
through the flat-plate beam splitter 160. Direction X 1n FIG.
23 A 1s the direction along which the thickness of the holder
130 decreases gradually.

FIGS. 24 A to 24C 1illustrate the configuration of the detec-
tor umt 127 provided 1n the optical head 200 of the fifth
embodiment. The detector umit 127 comprises the light detec-
tor 120, the holder 130 having the aperture 131, and the
cylindrical lens 115. The light detector 120 1s fixed to the
holder 130, and the cylindrical lens 1135 1s fixed pressed
against the inclined face 158 of the holder 130. The lens
optical axis 118 of the cylindrical lens 1135 1s fixed thereby at
an inclination angle that 1s just the angle, with respect to the
optical axis of the reflected light beam, at which coma aber-
ration 1s cancelled. The above configuration allows reducing
significantly coma aberration caused by the light beams that
pass through the flat-plate beam splitter 160, and allows
improving the quality of the light beams that strike the light
detector 120. That 1s, the above configuration allows enhanc-
ing focus error signal, tracking error signal and RF signal
detection performance.

The central generatrix 119 of the cylindrical surface 116 of
the cylindrical lens 115 1s fixed at the center of the lens optical
axis 118 of the cylindrical lens 1135, but rotated by the angle
Ob with respect to the axis 1 direction X, in the light-recerv-
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ing surface 121 of the holder 130 or the light detector 120. The
above configuration allows canceling astigmatism generated

upon passage of the light beams through the flat-plate beam
splitter 160, and allows thus reducing significantly the astig-
matism of the light beams that strike the light-receiving sur-
face 121.

As aresult, focus error signal, tracking error signal and RF
signal detection performance can be enhanced yet further, so
that there can be realized stable focus servo and tracking
servo, while significantly improving both recording and
reproduction performance.

Embodiment 6

An optical head 200 according to a sixth embodiment of the
present invention will be explained next.

FIGS. 25A and 25B 1llustrate a bonded state of the optical
base 113 and the detector unit 127 provided in the sixth
embodiment. The sixth embodiment differs from the first
embodiment 1n that now holder supplementary bonding sec-
tions 161 are provided at different faces from those of the
holder bonding sections 139, so that there are three or more
bonding sections between the holder 130 and the optical base
113. The holder bonding sections 139 are disposed at two
sites.

FIGS. 25A and 25B 1illustrate the holder bonding sections
139 and holder supplementary bonding sections 161, as the
bonding sections between holder 130 and the optical base
113. A through-hole 113a 1s formed 1n the optical base 113,
running through the latter 1n the thickness direction. The
holder 13 has a portion that 1s 1inserted into the through-hole
113a, and a portion positioned at one side with respect to the
optical base 113. The portion positioned at one side with
respect to the optical base 113 1s fixed to the optical base 113
by way of the holder bonding sections 139. The portion
inserted into the through-hole 1134 1s fixed to the optical base
113 by way of the holder supplementary bonding sections
161.

In the first embodiment, an adhesive 1s coated onto two
sites each, left and right, of the holder 130, such that the
holder 130 1s fixed to the optical base 113 at these bonding
sections 139. In the case of an integral detector unit 127
having the above bonding structure, the weight of the cylin-
drical lens 115 gives rise to moment, about the holder bonding
sections 139, that acts 1n a direction perpendicular to the
paper. As a result, the detector unit 127 may become tilted,
about the holder bonding sections 139, 1n a direction perpen-
dicular to the paper (gravity direction). The optical axis
becomes inclined 1n such a case, which may impair the focus
and tracking servo signals as well as the RF signal.

In the sixth embodiment, the holder supplementary bond-
ing sections 161 are disposed at positions 1n the optical axis
direction (direction Z) that are different from those of the
holder bonding sections 139, as 1llustrated 1n FIGS. 25A and
25B. Such a configuration allows significantly stabilizing the
fixing of the holder 130 against the optical base 113, and
allows reducing the inclination of the holder 130 and the
detector unit 127 with respect to the optical base 113. A small
optical head 200 having excellent reliability can be realized
thus by preventing the detector unit 127 from tilting with
respect to the optical axis direction.

In the sixth embodiment, the holder 130 is larger 1n the
optical axis direction, and the holder supplementary bonding
sections 161 are provided between the optical base 113 and
the holder 130. Alternatively, however, the holder supplemen-
tary bonding sections 161 may be provided between the cylin-
drical lens 115 and the optical base 113, as 1llustrated in FIG.
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25C. In this latter configuration, the holder 130 1s shaped as a
flat plate that does not jut into the through-hole 113a of the
optical base 113. Instead, the cylindrical lens 115 1s disposed
inside the through-hole 113a. The bonding sites may be dii-
terent, or further bonding sites may be provided, so long as

the bonding sites cancel the moment generated by the weight
of the cylindrical lens 115.

Embodiment 7

An optical head 200 according to a seventh embodiment of
the present invention will be explained next.

In the fifth embodiment, a light beam from the semicon-
ductor laser 101, as a light source, strikes the light detector
120. In the optical head 200 of the seventh embodiment, a
light beam from a semiconductor laser 409, as a first light
source, strikes the light detector 120, and also a light beam
from a semiconductor laser 408, as a second light source,
strikes the light detector 120, as illustrated 1n FIG. 26.

The semiconductor laser 409, as the first light source, 1s for
instance a semiconductor laser that emits a light beam having
a 405 nm wavelength. The semiconductor laser 408 as the
second light source 1s a two-wavelength semiconductor laser
that can emait, for instance, a light beam at a 780 nm wave-
length and a light beam at a 650 nm wavelength.

In addition to the light sources 408, 409, the optical head
200 of the seventh embodiment comprises the diffraction
grating 102, the beam splitter 103, the collimator lens 104, the
objective lens 105, the flat-plate beam splitter 160, the holo-
gram element 150, the cylindrical lens 115, the holder 130
and the light detector 120. The beam splitter 103 reflects the
light beam emitted by the semiconductor laser 408, and the
beam splitter 160 reflects the light beam emitted by the semi-
conductor laser 409. The hologram element 150 1s disposed
between the flat-plate beam splitter 160 and the cylindrical
lens 115.

Herein, the cross section of the holder 130 1s shaped as a
wedge such that the first main face (cylindrical lens pressing
section) of the holder 130 constitutes an inclined face 158 that
1s inclined with respect to the second main face (light detector
pressing section) of the holder 130. Therefore, the plane
perpendicular to the lens optical axis 118 of the cylindrical
lens 115 1s inclined by an angle 0a with respect to the light-
receiving surface 121 of the light detector 120. The holder
130 1s disposed 1n such a manner that the inclination of the
first main face 1s contrary to the direction in which the flat-
plate beam splitter 160 1s talted.

Embodiment Overview

The above embodiments can be summarized as follows.

(1) The optical head 1n the above embodiments comprises
a light source that emits a light beam; an objective lens that
condenses, 1n the form of converging light, the light beam
emitted by the light source, onto an information recording
medium; a cylindrical lens, onto which a retlected light beam
that 1s reflected by the information recording medium 1s 1nci-
dent, and which generates astigmatism for forming a focus
error signal; a light detector that receives the reflected light
beam passing through the cylindrical lens; and a holder that
holds the cylindrical lens and the light detector; wherein the
holder has a first main face and a second main face that extend
in directions that intersect the optical axis of the retlected light
beam, and the cylindrical lens 1s bonded to the first main face
and the light detector 1s bonded to the second main face.

In the above configuration, the cylindrical lens and the light
detector are constructed integrally with the holder. The rela-
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tive positional error between the cylindrical lens and the light
detector can be reduced thereby. This allows reducing, as a
result, errors and changes in detection magnification (lateral
magnification) in the detection optical system.

Also, 1t 15 possible to adjust the position of the light detec-
tor and the cylindrical lens integrally 1n two perpendicular
directions, within a plane that 1s perpendicular to the light
beam that 1s incident on the light detector, and to adjust the
rotation direction of the light detector and the cylindrical lens.
The relative positional error between the cylindrical lens and
the light detector can be further reduced as a result.

(2) In a case where the optical head further comprises a
collimating lens that modifies parallelism of the light beam
from the light source, a lateral magnification of a detection
optical system that comprises the objective lens, the collimat-
ing lens and the cylindrical lens, 1s preferably equal to or
greater than 10 times. In this case, preferably, the cylindrical
lens has a cylindrical surface on the surface at which the
reflected light beam 1s incident, and a concave lens surface at
an exit surface.

The above configuration allows suppressing tracking error
signal offset that arises when reflected light from a layer other
than the information recording layer strikes a sub-beam light-
receiving region during recording and reproduction to/from a
multilayer optical disk. As a result, tracking servo perfor-
mance can be made more stable during recording and repro-
duction to/from a multilayer optical disk.

The relative positional error between the cylindrical lens
and the light detector 1s reduced by constructing the cylindri-
cal lens and the light detector integrally with each other. As a
result there can be realized large detection magnification
(lateral magnification) 1n a detection optical system suitable
for multilayer optical disks.

The magnification of the detection optical system can be
increased, and the dimensions of the detection optical system
made shorter, by conferring a significant concave lens effect
to the cylindrical lens. Doing so allows realizing stable track-
ing servo, suitable for multilayer optical disks, while reduc-
ing the size of the optical head.

Further, a focus error signal having good balance can be
obtained, also 1n a small detection optical system, by arrang-
ing the cylindrical surface at the opposite side away from the
light detector. Stable focus servo can be realized as a result,
and a comparatively large astigmatic difference can be
secured as well, which in turn allows obtaining a focus error
signal having a long acquisition range.

The cylindrical surface 1s exposed outside upon assembly
of the detector unit. Therefore, the orientation of the central
generatrix of the cylindrical surface can be easily detected
and adjusted, by way of an auto-collimator or the like, during
adjustment of the direction of the central generatrix of the
cylindrical surface with respect to the split directions of the
light-recerving region of the light detector. The adjustment
time of the optical head can be significantly shortened as a
result.

The cylindrical lens and the light detector can be adjusted
integrally together 1n direction Z (optical axis direction). This
allows reducing magnification changes 1n the detection opti-
cal system, and allows realizing stable recording and repro-
duction performance in the optical head, with small fluctua-
tion 1n tracking error signal offset.

(3) The radius of curvature of the concave lens surface may
be equal to or smaller than 5 mm.

(4) The cylindrical lens may have a flat surface formed at
the exit surface, 1n addition to the concave lens surface.

In the above configuration, the cylindrical lens 1s bonded
and fixed 1n a state where a tlat surface of the cylindrical lens
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1s closely attached to the holder. This allows realizing a highly
reliable optical head. The rotation adjustment of the cylindri-
cal lens can be performed 1n a shorter time, with high preci-
sion, by arranging the cylindrical surface on the side of the
incidence surface. This allows realizing an optical head that
delivers excellent performance.

(5) Preferably, an aperture i1s formed in the holder at a
position at which at least part of the reflected light beam 1s
incident. Such a configuration allows a light beam that
traverses the cylindrical lens to strike the light detector after
passing through the aperture in the holder.

Also, the cylindrical lens, the light detector and the holder
can be moved integrally together during adjustment of the
positions of the cylindrical lens and the light detector. This
allows reducing the relative positional offset between the
cylindrical lens, the aperture and the light detector, in the
optical axis direction and 1n directions that are perpendicular
to the optical axis direction. The aperture diameter can be
reduced thereby, which in turn allows reducing the amount of
stray light leakage, onto the light detector, from stray light
arising from retlection of light beams onto other layers, 1n
particular during recording and reproduction of information
in multilayer optical disks. As a result, recording and repro-
duction performance can be enhanced while using a smaller,
thinner holder. A smaller, thinner optical head can thus be
realized thereby.

(6) Preferably, the aperture has a dimension corresponding
to a value that results from adding a dimension of the reflected
light beam, a relative positional error between the cylindrical
lens and the aperture, a relative positional error between the
light detector and the aperture, and an increase 1n the dimen-
s10on of the reflected light beam at the position of the aperture
resulting from integrally adjusting the holder, the cylindrical
lens and the light detector 1in an optical axis direction.

(7) The aperture may have a non-circular cross section.

(8) The center of the aperture may be disposed at a position
different from the center of the optical axis of the retlected
light beam. Such a configuration allows reducing the size of
the aperture, which 1n turn allows reducing the amount of
stray light that reaches the light detector.

(9) The surface roughness of the second main face to which
the light detector 1s bonded may be smaller than the surface
roughness of a side face of the holder. This configuration
enables fine motion during adjustment of the position of the
light detector, and makes for more precise positioning.

(10) The surface roughness of a predetermined region of
the second main face including a central portion may be
smaller than the surface roughness of an outer peripheral
region of the predetermined region in the second main face.
This configuration enables fine motion during adjustment of
the position of the light detector, and makes for more precise
positioning.

(11) The surface roughness of the first main face to which
the cylindrical lens 1s bonded may be smaller than the surface
roughness of a side face of the holder. This configuration
enables fine motion during adjustment of the position of the
cylindrical lens, and makes for more precise positioning.

(12) The surface roughness of a predetermined region of
the first main face including a central portion may be smaller
than the surface roughness of an outer peripheral region of the
predetermined region 1n the first main face. This configura-
tion enables fine motion during adjustment of the position of
the cylindrical lens, and makes for more precise positioning.

(13) The first main face to which the cylindrical lens is
bonded may be inclined relative to a face that1s perpendicular
to the optical axis of the reflected light beam. The above
configuration allows reducing significantly coma aberration
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caused by the light beam that passes through the flat plate
beam splitter, and allows improving the quality of the light
beams that strike the light detector.

(14) In a case where the light source emits a light beam
having a wavelength of about 405 nm and the light detector
has a light-recerving section, a cover glass, and a bonding
section that bonds the light-receiving section and the cover
glass, then an 1nner end portion, of the bonding section, that
bonds the light detector and the second main face, or an inner
end portion, of the bonding section, that bonds the light-
receiving section and the cover glass, may be disposed further
outward than the aperture. This configuration allows sup-
pressing adhesive deterioration that 1s caused by 1rradiation of
a light beam having a wavelength of about 405 nm. The
reliability of the optical head can be significantly enhanced as
a result.

(15) The optical information device comprises the optical
head; a transport unit for transporting the optical head; and a
control circuit for controlling the transport unit and the opti-

cal head.

INDUSTRIAL APPLICABILITY

The optical head device and optical information device
according to the present invention boast stable tracking con-
trol performance and can realize low information error rates,
and are thus usetul, for instance, 1n external recording devices
in computers that have stable recording and reproduction
performance. The optical head device and optical information
device according to the present mvention can be used 1n
various applications such as video recording devices and
video reproduction devices, for instance DVD recorders, BD
recorders and HD-DVD recorders. The invention can also be
used 1n recording devices of car navigation systems, portable
music players, digital still cameras and digital video cameras.

The invention claimed 1s:

1. An optical head, comprising:

an optical base;

a light source that emuits a light beam;

an objective lens that condenses, 1n the form of converging,
light, the light beam emitted by said light source, onto an
information recording medium;

a cylindrical lens, onto which a retlected light beam that 1s
reflected by the mmformation recording medium 1s 1nci-
dent, and which generates astigmatism for forming a
focus error signal;

a light detector that recerves the reflected light beam pass-
ing through said cylindrical lens; and

a holder that holds said cylindrical lens and said light
detector, said holder having a first main face and a sec-
ond main face that extend in directions that intersect an
optical axis of the reflected light beam,

wherein said cylindrical lens 1s bonded to said first main
face and said light detector 1s bonded to said second
main face,

wherein said holder 1s held by said optical base while said
holder 1s configured to be adjusted in position with
respect to said optical base 1n three perpendicular direc-
tions 1n a state that said cylindrical lens and said light
detector are bonded to said holder,

wherein an aperture 1s formed 1n said holder at a position at
which at least part of the reflected light beam 1s incident,

wherein said aperture has a dimension corresponding to a
value that results from adding a dimension of the
reflected light beam, a relative positional error between
said cylindrical lens and said aperture, a relative posi-
tional error between said light detector and said aperture,
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and an increase 1n the dimension of the reflected light
beam at the position of said aperture resulting from
integrally adjusting said holder, said cylindrical lens and
said light detector in an optical axis direction.

2. The optical head according to claim 1, further compris-

ng:

a collimating lens that modifies parallelism of the light
beam from said light source,

wherein a lateral magnification of a detection optical sys-
tem that comprises said objective lens, said collimating
lens and said cylindrical lens 1s equal to or greater than
10 times,

and wherein said cylindrical lens has a cylindrical surface
on a surface at which the reflected light beam 1s 1ncident,
and a concave lens surface at an exit surface.

3. The optical head according to claim 2,

wherein a radius of curvature of said concave lens surface
1s equal to or smaller than 5 mm.

4. The optical head according to claim 3,

wherein said cylindrical lens has a flat surface formed at
said exit surface, 1n addition to said concave lens surtface.

5. The optical head according to claim 1,

wherein said aperture has a non-circular cross section.

6. The optical head according to claim 5,

wherein the center of said aperture 1s disposed at a position
different from the center of said optical axis of the
reflected light beam.

7. The optical head according to claim 1,

wherein a surface roughness of said second main face to
which said light detector 1s bonded 1s smaller than a
surface roughness of a side face of said holder.

8. The optical head according to claim 1,

wherein a surface roughness of a predetermined region of
said second main face including a central portion 1s
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smaller than a surface roughness of an outer peripheral
region of said predetermined region in said second main
face.

9. The optical head according to claim 1,

wherein a surface roughness of said first main face to which
said cylindrical lens 1s bonded 1s smaller than a surface

roughness of a side face of said holder.

10. The optical head according to claim 1,

wherein a surface roughness of a predetermined region of
said first main face including a central portion 1s smaller
than a surface roughness of an outer peripheral region of
said predetermined region 1n said first main face.

11. The optical head according to claim 1,

wherein said first main face to which said cylindrical lens 1s
bonded 1s inclined relative to a plane that 1s perpendicus-
lar to said optical axis of the reflected light beam.

12. The optical head according to claim 1,

wherein said light source emits a light beam having a
wavelength of about 405 nm,

said light detector has a light-receiving section, a cover
glass, and a bonding section that bonds said light-receiv-
ing section and said cover glass, and

an mner end portion, of said bonding section, that bonds
said light detector and said second main face, or an 1nner
end portion, of said bonding section, that bonds said
light-recerving section and said cover glass, 1s disposed
further outward than said aperture.

13. An optical information device, comprising:

the optical head according to claim 1;

a transport unit for transporting said optical head; and

a control circuit for controlling said transport unit and said
optical head.
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